This paper proposes a new topology of a non-isolated two-phase interleaved boost dc-dc converters with modified Greinacher voltage multiplier cells (VMCs) in continuous conduction mode (CCM). The proposed topology can quickly achieve a high gain with low stress on components and proper duty cycle. Moreover, this topology requires a small inductance size in CCM while maintaining the continuity of the input current due to the interleaved technique used in this converter. Because of these features, this topology can be used in many renewable applications such as PV, DC microgrids, etc. The design procedures and component selection are presented in this paper. Furthermore, the proposed converter was simulated to convert an input voltage of 20 V to output voltage of 400 V with an output power of 200 W. Finally, experimental results have been provided to confirm the analysis and simulation results.
I. INTRODUCTION
N recent years, in data centers, microgrids, and residential buildings, the DC distribution system of 400V has attracted more attention. Lower cost, higher efficiency, and reliability are the advantages of the 400V distribution DC system [1] . On the other hand, due to the economic and environmental challenges, renewable energy systems, especially solar systems, are becoming more widespread [2] . To increase the output of the photovoltaic, which is between 20V-40V, to 400V, high voltage gain dc−dc converters are necessary. Using traditional power electronics converters such as boost or buck-boost converters lead to lower efficiency and high voltage stress on the components [3] . Moreover, other topologies such as flyback, forward, and half/full-bridge, push-pull converters cannot be useful because those converters need larger input capacitance due to the discontinuous input current [4] , [5] .
In [6] − [9] , different HVG dc−dc converters with voltage multiplier (VM) are discussed. In [6] , the proposed topology led to low voltage on the elements, but the large input current ripple is its drawback. Also, in [7] , a step-up converter using inductors energy cell-based switch capacitor is proposed. Despite low voltage stress on the components, in many cases described in [8] , the voltage gain is not enough to reach 400V. Moreover, in [9] , a non-transformer boost converter with continuous input current is proposed. The voltage gain is sufficient to achieve the output of 400V. However, the voltage stress on switches, diodes, and capacitors is high, which leads to lower efficiency and more expensive elements.
Other topologies that are useful for high voltage gain dc−dc converters are the ones with magnetic parts such as coupled inductors and high-frequency transformers. In [10] − [13] , different isolated topologies are discussed and analyzed. However, the converters with magnetic parts show other problems such as voltage spike, leakage inductance, parasitic capacitance, and higher voltage stress on the switches, which require clamp circuits. Using clamp circuits reduce the efficiency and decrease the voltage gain.
In [14] − [16] , topologies with interleaved boost using the Cockroft-Walton voltage multiplier were proposed. These topologies provide many advantages such as lower voltage stress, however, as the number of multiplier stages increases the output impedance rapidly increases, and the efficiency and the voltage gain decrease. This paper proposes a new family of a non-isolated twophase interleaved boost dc-dc converters with modified Greinacher voltage multiplier cells in CCM. This proposed family can be operated by either a single or dual voltage sources. The voltage multiplier stage in this family is expandable to increase the voltage gain further as well to reduce the voltage stress on the components while maintaining the continuity of input current. As a result, this family can be used in many renewable energy applications, and other applications for those need such features. The rest of the paper is organized as follows, the proposed converter topology is presented, and different modes of operation are discussed in Section II. The voltage gain of the family, current, and voltage stresses of some components are derived in Section III. The simulation and experimental results are presented in Section IV. At last, section V concludes the paper.
II. PROPOSED CONVERTER AND OPERATIONAL PRINCIPLE IN

CCM
The proposed converter is shown in Fig. 1 , where V in1 and V in2 are two input voltage sources; S 1 and S 2 are power MOSFET switches; L 1 and L 2 are the power inductors; D 1 to D 6 are power diodes; C 1 to C 6 are capacitors; R is the load resistance. This topology consists of two stages. The first stage is interleaved boost stages with a two-phase, and this stage can be powered by either a single or two input sources. The second stage is the voltage multiplier stage, which is used to increase dc-voltage further and reduces stresses on the components. The first cell on the voltage multiplier stage is Greinacher voltage multiplier that consists of four diodes and four capacitors. The second cell on the voltage multiplier stage consists of two diodes and two capacitors. This topology is inspired by a A new Topology of a High-Voltage-Gain DC−DC Converter Based on Modified Greinacher Voltage Multiplier Fig. 1 . The proposed converter with a voltage multiplier stage.
Additionally, two switches should not be off at the same time, and the phase shift between the gate signals of the two switches has been chosen in this study to be 180°. Fig. 2 shows the switching signals with a 180° phase shift, where M 1 to M 4 are operating modes, T is the switching period, and d 1 and d 2 are duty ratios of switch one and two, respectively. Also, some assumptions are made during the analysis of this topology, such as components are ideal; current of two inductors are in CCM; the topology operates in steady-state; capacitors are very large; parasitic parameters are neglected. During the analysis and investigation of proposed topology in CCM, there are four operating modes at each switching period. For simplicity, these operating modes of the topology with one input source and the two voltage multiplier cells will be presented as follows:
A. Mode 1:
For this operation mode, both power switches S 1 and S 2 of the converter are ON, and this mode ends when S 2 is OFF. Consequently, two inductors are getting energized from the input source and both inductor currents i L1 and i L2 are linearly increased. Moreover, the voltage across these two inductors is equal to V in . Furthermore, all voltage multiplier diodes are OFF, and all capacitors are disconnected during this mode, as depicted in Fig. 3 . Therefore, capacitors C 5 and C 6 are providing energy to the load. Fig. 3 . Equivalent circuit of Mode 1 during one switching cycle.
B. Mode 2:
In this time interval, power switch S 1 is still ON, while S 2 is turned OFF, and this mode finishes when both power switches are ON as in Mode 1. Thus, inductor L 1 is still in charging mode, and the voltage across this inductor is equal to V in . In contrast, inductor L 2 is releasing energy in this mode and the current i L2 decreases linearly in this mode. Additionally, diodes D 1 , D 4 , and D 5 are turned ON, whereas diodes D 2 , D 3 , and D 6 are turned OFF, as described in Fig. 4 . Accordingly, capacitor C 1 , C 4 , and C 5 are charging, while capacitors C 2 , C 4 , and C 6 are discharging. Therefore, a part of diode D 2,1 current (i D2,1, ) is supplying energy into the load while the remainder of this current is charging capacitor C 5 . Fig. 4 . Equivalent circuit of Mode 2 during one switching cycle.
C. Mode 3:
This mode is the same as Mode 1.
D. Mode 4:
In this period, switch S 1 is turned OFF, while S 2 is still ON and this mode ends when S 1 is turned ON. Subsequently, inductor L 1 is in discharging mode, and i L1 decreases linearly. Meanwhile, L 2 is still in the charging mode and i L2 increases linearly, and also inductor L 2 voltage is equal to V in as in Mode 1 and 3. Moreover, diodes D 1 , D 4 , and D 5 are reverse-biased (OFF), whereas diodes D 2 , D 3 , and D 6 are forward-biased (ON). Hence, capacitors C 2 , C 3 , and C 6 are charging, while capacitors C 1 , C 4 , and C 5 are discharging, as shown in Fig. 6 . Lastly, current coming from capacitor C 5 is providing energy into the load. 
III. VOLTAGE GAIN AND COMPONENT SELECTION OF THE PROPOSED CONVERTER
After investigating the operating modes of the converter with the two VM cells, the voltage-second balance of both inductors can be used to find the voltage gain ratio for this topology. Thus, the average voltage across inductor L 1 and L 1 is zero for periodic operation < 1 > = 0, and < 2 > = 0 (1)
From (1), Kirchhoffs voltage law can be used to find (2) and (3)
From (2) and (3), the voltage across each capacitor and output can be found as follow:
If both duty cycles are assumed to be equal, then the voltage ratio can be written as follows
For equal duty cycles, Fig. 6 shows the voltage gain versus the duty cycle for this topology. As it can be seen that the voltage gain for this converter increases as duty cycle increase and it can easily achieve a voltage gain of 20. Fig. 6 . The voltage gain of topology versus duty cycle in CCM.
The peak blocking voltage of both the switches of topology can be computed by
The maximum blocking voltage across VM diodes are equal to each other, and it can be calculated by = 3
The average, maximum, minimum and RMS values of both inductor currents are given by 
To operate the topology in CCM, the following equations can be used to obtain the minimum inductor size of both inductors 
IV. SIMULATION AND EXPERIMENTAL RESULTS PLECS with MATLAB was used to confirm the operating principle of this topology in CCM. To accomplish 214 W at 413.8 V output voltage, the following parameters have been selected such as a 20 V for the input voltage, 150 kHz for the switching frequency, 71% for the duty cycle,15 μH for both inductors, and 800 Ω for the load, and Table I lists the selected parameters used in the simulation. Moreover, some resistances have been added with some components during the simulation. The output voltage and power after running the simulation are 406 V and 206 W, respectively, and the major waveforms are shown in Figs. 7-11. The waveforms of the two switching signals, output voltage, output current, and input current are depicted in Fig. 7 . The voltage across each inductor and each active switch are given in Fig. 8 . The absolute blocking voltage across switch 1 and switch 2 is only 68.89 V, which is approximately equal to one-sixth of the output voltage. 8.39 A, 5.25 A, and 5.55 A are the peak, mean, and RMS values of each inductor currents from the simulations. Also, the maximum, mean, and RMS values of each switch current are 12.35 A, 5.25 A, and 6.78 A, respectively. The current waveforms of two inductors and two switches are shown in Fig.  9 . Additionally, the absolute maximum voltage across each diode is only 136.27 V, which is almost equal to one-third of the output voltage, and the voltage waveforms across all diodes are depicted in Fig. 10 . Moreover, the voltage waveforms across each capacitance are given in Fig. 11 . The average voltage across capacitors 1 and 2 is 67.74 V; the average voltage across capacitors 3 and 4 is 135.36 V, and the average voltage across capacitors 3 and 4 is 203 V. For experimental results, Table II summarizes the selected components used for implementing a hardware prototype and Fig. 12 shows the hardware prototype used in the experiment. A 20 V from a dc power supply was used as the input source for the converter, and 800 Ω of a mix of load resistors was used as the load. Some waveforms resulting from the experiment are given in Figs. 13−15 and they agree to both the calculations and simulation results. 
V. CONCLUSION
In this paper, a new topology of a non-isolated high-voltagegain dc−dc converter based on modified Greinacher voltage multiplier is presented. The proposed topology can be operated by either a single or two input voltage sources. In this paper, the voltage gain equation and other essential equations required for components selection of the topology is illustrated thoroughly. In addition, the theoretical analysis of the converter was confirmed by the simulation and experimental results. The proposed converter can achieve a high gain while having low stress on components. Moreover, this converter has continuous input current that will make this topology a preferable choice for renewable energy applications. Accordingly, the proposed topology can be used in many applications that have lowvoltage sources and required a high gain such as PV, automobile headlight (HID), fuel cell, etc.
